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Description 

ROCKET ENGINE MEMBER AND A 
METHOD FOR MANUFACTURING A 
ROCKET ENGINE MEMBER 

Cross Reference to Related Applications 

[0001] This application is a continuation patent application of In- 
ternational Application No. PCT/SE02/00026 filed 9 Jan- 
uary 2002 which was published in English pursuant to Ar- 
ticle 21(2) of the Patent Cooperation Treaty, and which 
claims priority to Swedish Application No. 0100079-3 
filed 11 January 2001 and to United States Provisional Ap- 
plication No. 60/261,044 filed 11 January 2001. Said ap- 
plications are expressly incorporated herein by reference 

in their entireties. 
Background of Invention 

Technical Field 



[0002] Th e present invention relates to a rocket engine. 
Background of the Invention 



[0003] During operation, a rocket combustion chamber or a 

rocket engine nozzle is subjected to very high stresses, 
for example in the form of a very high temperature on its 
inside (on the order of magnitude of 980 °F) and a very 
low temperature on its outside (on the order of magnitude 
of -370 °F). As a result of this high thermal load, stringent 
requirements are placed upon the choice of material, de- 
sign and manufacture of the outlet nozzle. At a minimum, 
the need for effective cooling of the combustion chamber 
or the outlet nozzle must be considered. 

[0004] | t j S a problem to construct cooled wall structures that are 
capable of containing and accelerating the hot exhaust 
gas, and also be reliable through a large number of oper- 
ational cycles. Known designs do not have a sufficiently 
long service life required to withstand a large number of 
operational cycles. These known systems generate large 
thermal stresses, including large pressure drops, or 
present difficulties when needing repair. 

[0005] when applying the expander engine cycle, there is a sec- 
ondary problem. The expander engine cycle uses the 
cooling medium to drive the turbines in the fuel and ox- 
idator turbo pumps; that is, energy from the expansion of 
the heated cooling medium is used for driving the tur- 



bines. The efficiency of the rocket engine is a function of 
the combustion pressure. To reach high pressure experi- 
ence in the expander cycle, efficient heat transfer from 
the exhaust gas to the cooling medium is required. In- 
crease in the heat load in the combustion chamber due to 
surface roughness or fins may impair the service life of 
the engine since the intensity of the heat load is very high 
in the combustion chamber. Still further, a longer com- 
bustion chamber increases the length of the engine and 
the rocket. A commensurate increase in the size of the 
nozzle gives rise to larger nozzles and longer rocket 
structures, each of which increases the weight of the vehi- 
cle. 

[0006] There are several different known methods for manufac- 
turing a rocket nozzle with cooling channels. According to 
one of these methods, the nozzle has a brazed tube wall. 
The tubes have a varying cross-sectional width to provide 
the contour of the nozzle when assembled. The variation 
in cross section is given by variation of the circumference 
and by variation of the form of the cross section. The 
brazed joints restrict the deformation of tubes in the ther- 
mal expansion and pressure cycle. The stresses in the 
tubes are increased in the arc of the joints. The joints 



themselves are weak points that may break and are diffi- 
cult to repair. The brazed tube wall provides a larger "wet" 
contact surface for the rocket flame than a sandwich wall 
or a constant tube section wall. However, even larger wet 
surfaces are desirable. 

[0007] According to another known method, a sandwich wall is 
made by milling channels in sheet metal and joining a 
thinner sheet metal to seal the channels. The inner and 
outer walls are continuous shells. In the thermal cycle, the 
walls are in compressive and tension strain. This type of 
wall structure is not well suited to sustain the tension 
loads normal in the service life of a rocket nozzle. The 
sandwich wall features no increase in surface area to en- 
hance heat transfer. 

[0008] According to still another known method, the nozzle wall 
is manufactured with constant section tubes. The tubes 
are helically wound and welded together to form the noz- 
zle contour. The increase in surface area is small. The 
tubes have an angle relative to exhaust gas flowing 
through the nozzle. This helps to increase the heat trans- 
fer. However, at the same time the exhaust flow is rotated 
and a reactive roll momentum influences the flight of the 
rocket. The constant section tubes result in a large pres- 



sure drop that is not favorable for convectively cooled en- 
gines. The large pressure drop is negative for the ex- 
pander cycle type engine. 
Summary of Invention 

[0009] An objective of the present invention is to provide an im- 
proved method for manufacturing a cooled rocket engine 
member, as well as the resulting member itself. 

[0010] The objective is exemplarily achieved by means of the 
rocket engine member having an outside wall structure 
that includes a continuous sheet metal wall, and that in- 
cluded cooling channels are formed by elongated ele- 
ments that are longitudinally attached to the inside of the 
sheet metal wall. 

[0011] According to the teachings of the invention, a rocket en- 
gine member may be manufactured which presents high 
pressure capacity, and a low pressure drop, a long cyclic 
life, as well as advantageous area ratio. The manufactur- 
ing lead time and cost may also be optimized. 
Brief Description of Drawings 

[0012] Th e invention will be further described in the following, in 
a non-limiting way with reference to the accompanying 
drawings in which: 



[0013] pig. 1 is a schematic perspective view showing a nozzle 
configured according to the teaching of the present in- 
vention; 

[0014] pig. 2 is a partial sectional view taken along the line 2-2 in 
Fig. 1, showing three cooling channels at the inlet end of 
the nozzle; 

[0015] Fig. 3 is a similar view as Fig. 2, but showing two of the 
cooling channels taken along the line 3-3 at the outlet 
end of the nozzle; 

[0016] Fig. 4 is a partial sectional view from a position corre- 
sponding to that shown in Fig. 2, but illustrating an alter- 
native embodiment of three cooling channels at the inlet 
end of a nozzle; according to a second embodiment of the 
invention; 

[0017] Fig. 5 is a similar view as Fig. 3, but shows cooling chan- 
nels at the outlet end of the nozzle of the embodiment of 
Fig. 4; 

[0018] Fig. 6 is a similar view as Fig. 4, but showing another vari- 
ation of the invention; 

[0019] Fig. 7 is a partial sectional view showing cooling channels 
at the inlet end of a nozzle according to another embodi- 
ment of the invention; 

[0020] Fig. 8 is a related view of the embodiment of Fig. 7 show- 



ing cooling channels at the outlet end of the nozzle; and 

[0021] pig. 9 is a cross-sectional view of yet another alternative 

embodiment of the invention. 
Detailed Description 

[0022] pig. 1 shows a diagrammatic and somewhat simplified 
perspective view of an outlet nozzle 10 that is produced 
according to the teachings of the present invention(s). The 
nozzle is intended for use in rocket engines of the type 
using liquid fuel, for example liquid hydrogen. The work- 
ing of such a rocket engine is conventional and therefore 
not described in detail. The nozzle 10 is cooled with the 
aid of a cooling medium that is preferably also used as 
fuel in the particular rocket engine. The invention is, how- 
ever, not limited to rocket engine members of this type, 
but can also be used in combustion chambers and in 
those cases in which the cooling medium is dumped after 
it has been used for cooling. 

[0023] The outlet nozzle is manufactured with an outer shape 
that is substantially bell-shaped. Thus, the nozzle 10 
forms a body of revolution having an axis of revolution 
and a cross section that varies in diameter along said axis. 

[0024] The nozzle wall is a structure comprising (included, but 
not limited to) a plurality of mutually adjacent, tubular 



cooling channels 11 extending substantially in parallel to 
the longitudinal axis of the nozzle from an inlet end 12 
outlet to/on end 13 of the nozzle. The outside of the 
structure includes a continuous sheet metal wall 14. The 
cooling channels 11 are formed by elongated elements in 
the form of tubes 15, that are curved in the longitudinal 
direction to conform to the nozzle contour and are ori- 
ented axially along the nozzle wall. In this position, they 
are jointed to the metal wall by welding. The welds are 
preferably made by laser welding from the outside. This 
assembly forms a leak tight nozzle with all joints at the 
cool side of the structure. Further, there is no joint, or 
weld, attaching two adjacent tubes to each other. 

[0025] The cooling channels 11 in the embodiment illustrated in 
Figs. 2 and 3 are formed by circular tubes 15 having a 
varying cross section. The tubes 15 may be seamless and 
have a smaller cross section at the inlet end 12 of the 
nozzle than at the opposite outlet end 13. Each elongated 
element 15 preferably delimits only one cooling channel. 

[0026] The cooling tubes 15 are mounted without gaps therebe- 
tween. At the inlet end 12 of the nozzle, the thickness of 
the tube material is thin to minimize the maximum tem- 
perature and to allow the tubes to be flexible to deforma- 



tion of the cross section. At the outlet end 13 of the noz- 
zle, the tubes have a larger cross section, as well as a 
thicker tube material. This variation in material thickness 
allows the tubes to adapt to increased pressure inside the 
tubes when the cooling medium contained therein ex- 
pands. At the inlet, the tubes may be formed in an oval 
shape to increase the number of tubes. 
[0027] The variations in tube cross section and tube material 

thickness are gradual in the longitudinal direction of the 
nozzle. 

[0028] pigs. 4 and 5 show a second embodiment of the invention 
that is adapted for enhanced heat pickup. The cooling 
tubes 15 are manufactured with a constant material thick- 
ness and a gradually increasing diameter. The tubes have 
a smaller cross section at the inlet end 12 of the nozzle 
than at the opposite end. The inlet ends of the tubes have 
machined faces to allow a small pitch at this end of the 
nozzle to enable large area ratios. The cooling tubes are 
mounted without mutual gaps at the inlet end of the noz- 
zle where the flame pressure and heat load is greatest. 

[0029] At the outlet end 13 of the nozzle, the tubes 15 are sepa- 
rated in the tangential direction (provided with mutual 
gaps therebetween). A cavity 16 is formed between each 



pair of tubes 15 and the sheet metal wall 14. The gap be- 
tween the tubes allows the hot rocket flame to access the 
cavity and thus more tube surface for enhanced heat pick 
up. Also, by allowing a gap between each pair of adjacent 
tubes, the tube may be conical and yet be acceptable to fit 
a bell shaped nozzle. The variation in width of the cavity 
16 between two adjacent tubes is gradual in the longitu- 
dinal direction of the nozzle. 

[0030] with the nozzle design described above, the amount of 
heat transferred to the coolant in the nozzle can be in- 
creased by a factor of as much as 1.5 compared to con- 
ventional designs. 

[0031] | n cases where the heat load is high at the exit of the noz- 
zle, the embodiment of the invention shown in Fig. 6 af- 
fects protection of the sheet metal wall 14 from the heat 
load. Thus, the cooling cavity may be filled with a ther- 
mally insulating material 17 to prevent the gas from con- 
tacting the load carrying outer shell so that the shell ma- 
terial temperature is limited. Alternatively, the walls may 
be coated with a thermally conductive material 17 for in- 
creased heat transfer to the cooling tubes. In a case where 
conductive material such as copper completely fills the 
cavity, it is possible to reach very high pressures and high 



area ratios. The process to apply the conductive material 
can be exemplarily be brazing or laser sintering. 

[0032] pigs. 7 and 8 show another embodiment of the invention 
where U-formed profiles 18 are used instead of the above 
described circular tubes 15. The profiles have a varying 
cross section and a varying material thickness. The pro- 
files are manufactured by press forming sheet metal 
strips. The variation in thickness is adapted to the length 
of the nozzle. Thus, the material thickness may increase 
when the cooling channel cross section is increased so 
that the thickness is small at the inlet end of the nozzle 
where the heat load is high. It is preferable to modify the 
metal strip thickness before folding. The structure in Figs. 
7 and 8 has been combined with the thermally insulating/ 
conductive material 17. 

[0033] it is possible to build the structures described above from 
the common materials for rocket engine nozzle tubes 
such as stainless steel and nickel based alloys. Also cop- 
per and aluminum are suitable materials. 

[0034] one of the important advantages of wall structures con- 
figured according to the teachings of the present inven- 
tion is that it offers a large cooling surface for increased 
heat absorption. The variations in cross section and tube 



material thickness allows for high internal pressure in the 
cooling channels 11. The increased wet surface, that is, 
the surface toward the exhaust gasses in the nozzle 
structure provided by the several embodiments of the in- 
vention(s) cools the boundary layer more than by a con- 
ventionally designed nozzle. The boundary layer leaving 
the disclosed rocket nozzle(s) will be cooler. The cooler 
boundary layer serves as cooling film for an eventual radi- 
ation cooled nozzle extension that may be used as a low 
cost solution when the heat load is limited. The nozzle 
extension could be less costly since the heat load is lim- 
ited. 

[0035] The rotational symmetric outer surface of the nozzle 

structure(s) configured according to the teachings of the 
invention(s) also provides stiffness, and if necessary, al- 
lows for attachment of stiffeners in an easy way. The sin- 
gle joint to the sheet metal wall isolates jackets and allows 
the tubes to be flexible to thermal distortion while impos- 
ing a minimum of stress concentration. The cross section 
of the cooling channels may be close to circular. This 
means that the temperature differences and associated 
stresses are lower than compared to sandwich walls where 
the flame is not in contact with the outer wall. The gap 16 



between the tubes eliminates the restriction on cooling 
channel dimensions to form the nozzle contour. The cool- 
ing channels or tubes could be made with liner variation, 
which offers advantages in manufacturing. 

[0036] | n pig. 9, a further embodiment of the invention is shown 
in a partly cut away, cross-sectional view. A plurality of 
elongated elements 21 are arranged next to each other. 
Each of the elongated elements 21 has a plate-like por- 
tion, or base portion 23, and a plurality of flanges 24, or 
ribs, which project from and extend along said base por- 
tion 23. The ribs 24 are elongated, arranged at a distance 
from each other and substantially in parallel to each other. 
Further, the elongated elements are attached to a contin- 
uous sheet metal wall 14. Cooling channels 22 are formed 
between two adjacent ribs 24 and the sheet metal wall 14. 
Further, two adjacent elongated elements are connected 
to each other by a further weld 25. 

[0037] | t should be appreciated that the invention is not limited 
to the above-described embodiments, but modifications 
are possible while still remaining within the scope of the 
presented claims. 



